In 1944, Granit stimulated the sympathetic fibres to a limb of a cat, and recorded the afferent impulses from it to the cord, before and after crushing the mixed nerve. The experiment is easily repeated, and the outcome what you would expect: only after the injury, a volley of impulses over the post-ganglionic sympathetic fibres provokes a volley returning by the dorsal root. From what we know of cross-talk of signals generally, we should expect coupling to occur principally between conductors of comparable resistance and capacity, and, consequently that sympathetic efferents, being fine fibres, would excite fine-fibre afferents reporting pain and temperature from the peripheral distribution of the affected nerve. We do not need to jump from fibres to sensations, or from cats' brains to men's. Earl Walker, in curing causalgia of the arm, cut all preganglionic fibres of the cervical sympathetic chain, leaving the peripheral connexions intact, and delivered the chain itself into a glass tube through the wound. The patient, on coming out of anaesthesia, was without his pain; but for several days, as long as the ganglia were still somewhat alive, stimulation of the chain evoked again the burning pain in the old place.
This, then, is how the reflex was perverted. Injury to the nerves permitted crosstalk from the post-ganglionic sympathetic nerves to the nerves reporting burning pain. This is a vicious circle. Efferent impulses which should have decreased the number of afferent impulses have increased their number. The reflexive circuit has become regenerative. This is a self-perpetuating active memory projecting the pain upon the peripheral distribution of the afferent nerve that it invaded. When the injury is recent, and the nerve healing well, causalgia may be terminated by temporarily blocking the reverberation in any part of the closed path. But if the wound remains an artificial synapse, the trouble starts again. What is far more interesting is that sometimes simply blocking the nerve distal to the lesion relieves or terminates causalgia, for this bespeaks the role of other afferents in maintaining a background of activity in the internuncial pool. Now the patient keeps his white and glossy hand moist and cool, for every jolt, touch, rub, or tickle turns to burning pain. How came this perversion of sense? Strike the back of your hand against your chair and attend to the sensation. There is first a quick pain carried by fast fibres, then the late burning pain which comes by the fine fibres slowly to the cord. Whenever we do anything vigorously, these impulses are present, but the faster tactile or proprioceptive fibres get their impulses first to the cord, where they determine the pattern of internuncial activity before the impulses for burning pain arrive. In causalgia, the story is reversed. The painful impulses are always there, and all other impulses augment the process already under way. Here is Gasser's diagram of how such things can , g \ rI happen. Suppose the threshold of each neuron \ / is just two synchronous impulses upon it. Then afferents of system I will fire b and c C inphase and these will converge on y to fire it. But now let II get under way, and b will be swept into phase with a, convergence will occur on x, and it will fire. If this happens, the threshold of b must rise until I, which has but two synapses upon b, will become unable to fire b at any time. II has stolen the necessary internuncial b from L But in causalgia, x feeds back to II and shuts I out forever. Obviously the scheme is oversimplified. I has many synergic fellows, and if enough of them can be got going at a time, Gasser's diagram they may be able to steal b from II and so break up causalgia. Among the best results that I, myself, have seen in the treatment of causalgia are Livingston's cases, in which good surgery of the wound was combined with early consistent and powerful persuasion to make use of these other afferent paths. He provided his patients with a whirlpool, into which they could put the painful part while they, themselves, controlled its rate of stirring. Those who were able to get other sensations through their burning pain usually recovered without further surgery. Here, at the reflex level, a kind of psychotherapy, by which I mean a use of afferent channels adequately stimulated, has exorcised the devil. Unfortunately, if we wait too long, this method, as well as temporary and permanent nerve-blocking and section of the dorsal roots and section of the sympathetics fail, for the devil has moved into the cord. That he has not yet gone higher is clear; for spinothalamic section at that time will shut him out of our heads. I remember such a case after bilateral tractotomy and blocking of nerve proximal to the lesion. His affected foot was still obviously the recipient of a sympathetic barrage, which could come from no other thing than persistent activity reverberant in the cord. At this stage, instead of cutting the spinothalamic paths, the limb may be cut off -I have seen it done only too oftenand it but substitutes a painful phantom for the real limb whereon the pain was formerly projected. This state has been imitated in experimental animals by Dr Margaret Kennard, who injected alumina cream into the sack around the cord. This produces no lesion apparent grossly or microscopically with ordinary stains. Yet the beast behaves as if he had causalgia of the corresponding regions.
Finally, there comes a time when section of the spinothalamic tracts is of no avail: the devil has moved upstairs and is reverberating there. Here we are confronted with new difficulties, for lesions dissociate aspects of pain, which, to the normal man, seems an elementary sensation. As the spinothalamic tract passes through the midbrain, fibres leave its main stream, and passing medially, terminate among the cells lying between the periaqueductal grey matter and the deepest layer of the superior colliculus. Mid-brain tractotomy at the level of the inferior colliculus prevents all pain and suffering; whereas, at the level of the superior colliculus, although the sensation of pain disappears, the suffering is as great as ever. In such a man, I am told that noxious stimuli produce suffering, fainting, sweating, and pupillary dilatation as if nothing had been done to interrupt their paths. The ascending spinothalamic tracts play into appropriate portions of the thalamic nuclei, whence relays extend into the cortex devoted to corresponding portions of the body. What is most important here is that in some cases of causalgia and of painful phantom limb, stimulation of the proper part of the postcentral convolution is sometimes perceived as pain. Among these cases are the few who seem to profit by excision of that part of the cortex. It seems unlikely that this cortex is part of a closed path through which the demon rings his changes. More probably, the improvement in these patients resembles the one achieved by peripheral block, and the cortical area in question only contributes to the sustaining excitation.
Finally, lobotomy, which has removed neither the sensation nor the primary affective component in any case that I have seen, does prevent the agony of worrying that makes distress a part and parcel of the typical character of such a patient. Only in this sense does the causalgia matter less to him, that he minds it only when he feels it. It may well be the demon haunts these cerebral paths, but they are certainly the last place where we ought to try to break his circle. I strongly suspect we shall find his last retreat in a certain small region of old and ill-defined structures near the core of the neuraxis, that stretch through the mid-brain and the thalamus. For lesions here affect the very springs of caring and of mattering. With this region left intact after all in front is gone, animals still learn, to the extent to which, without a cortex they can have ideas and control their movements. Whereas, with large lesions i74 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Supplement here, all else intact, they bother little if at all to respond, and do not learn.
Let us consider the demon from a slightly different point of view. Gasser's diagram represents the normal condition also, as long as we take the circuit K to be degenerative. In that case a certain fraction, smaller than unity of the afferents in II is fed back to them by K and subtracted; this process keeps up until the circuit has come to rest at a definite level of activity directly proportional to the original input from II, if less variable than it. This level of activity is transmitted upward from x to communicate the sensory information from II; similarly from I by way of y. In causalgia, where K is regenerative, any input from II is amplified and added to itself, not subtracted. The level of activity in K then grows geometrically, until it is bearing all the activity it can bear; in this state it remains, to decline very slowly by attrition of fatigue. No matter how small the primary input, as long as there is any, theoutput is always the same: the maximum possible at x. The same thing happens if it was a collateral input, say from I, that triggered K. Furthermore, the proper response y from I will usually be prevented, either by Gasser's effect, already described, or else by direct inhibition from x when the latter is greatly excited. In the affected part the causalgic cannot distinguish among heat, touch, and pain, nor can he tell a greater degree of one of them from a lesser: in every case he experiences only the maximum of burning pain.
In this way the demon, causalgia, suppresses practically all the information formerly transmitted over II and every other circuit even partly connected with it. He does it by a kind of imperialism, substituting his own characteristic, repetitive, stereotyped, impertinent response for a whole range of infinitely varied and subtly adaptive responses to the actual facts of the situation. As we have seen, he takes time to get himself ingrained, like a skilled act. Thereafter he moves in on us, no longer requiring for his maintenance the particular structures from which he sprang. These properties together describe more exactly what Lawrence Kubie has called the 'repetitive core' of every psychoneurosis. The difference is that the latter begins elsewhere, in the appetitive circuits.
In common with other psycho-analysts, Kubie makes a sharp distinction between processes which are conscious, and others which were or might have been conscious, but are now shut out of consciousness. In the latter he puts the core of the neurosis. Now the psycho-analytical use of the term unconscious, if somewhat indefinite, is quite a special one. In essence, I believe, it is nothing but the supression of information as we have just described it. The memories and learned reactions subserved by circuits connected with the regenerative circuit can no longer be evoked, not because anything has happened to them, but simply because all the stimuli which once evoked them, feeding secondarily into the regenerative circuit, now produce only the invariable neurotic response, which displaces all the others. In effect, such memories and such learning become inaccessible, although they return as soon as the. circuit ceases to regenerate. The process looks like an active repression, particularly when combined with the secondary effect the psycho-analyst calls resistance. A man usually finds the output of the regenerative circuit disagreeable, so he learns to avoid-stimuli which feed into the circuit in any way, as well as situations where such stimuli are probable. Thus the causalgic guards his hand even from his doctor. This development may go extraordinarily far. But in some respects the psycho-analyst's metaphor is misleading. We cannot say the neurosis, or its root, is 'walled off' from the rest of the organismquite the reverse. The regenerative circuit pours its output into other structures very strongly and usually distressingly. Again, it is only too easy for impulses from elsewhere to trigger the circuit and produce its characteristic maximal output. But that is all they can do: they cannot make it do anything different, they cannot stop it once it has started.
We may say the neurosis is autonomous, almost completely so; it is not isolated.
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at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from So far I have spoken of the invasion of demons. But they can go outward and overwork a reflex path until its effectors or receptors are distorted or destroyed, as in prurilus ani and in gastric ulcer. I shall give you a different example because my knowledge of it is first hand. Franz Alexander became interested in a group of erstwhile energetic people whose living is crystallized about some goal made unattainable by Fate. Thereafter they do their daily chores without zest. They are always tired. A few hours after eating they feel faint, warm, and sweaty. They eat too much and sleep too much and turn their food to fat. When Alexander came to me, he and his friends, following Szondi and Laz, had studied the glucose-tolerance curves of these people and found them abnormally low. What he asked me was whether these patients suffered from an under-activity of the sympathetic system or an over-activity of the parasympathetic system or both, for he knew that atropinizing the patient prevents the weariness and the postprandial faintness, although it does not restore the zest. For this reason he names the condition 'vegetative retreat'. So far our studies of their sympathetic system are far from complete; but of an excessive vagal excitement of the pancreas there can be little doubt.
Reliable statistics have shown us that neurotic patients are significantly more sensitive to insulin than is normal for their age and diet. Not so Alexander's patients. In their cases, to account for the increased speed of removal of sugar from the blood and the abnormal smallness of the final values after they receive sugar by vein, one must suppose an excessive secretion of insulin caused by excessive vagal excitation of the islands of Langerhans. Thanks to DeWitt Stetten, there is an easy way to check this; for he showed that with an excess of insulin, water made with heavy hydrogen, given concurrently with glucose, left heavy hydrogen in the fatty acids that are then produced because the patients turn their foods to fat. The odds are many to one that, on receipt of sugar, though their body temperature remains constant, their uptake of oxygen declines by an amount proportional to the amount taken from the sugar as it goes to fatty acid. If all of the sugar we injected went that way, we might expect a fall of 500% in oxygen uptake while the sugar was disappearing from the blood. In these patients we encountered falls as great as 30%, meaning 3/5 of the sugar went that way; in a normal man there is no change.
Let me rehearse, then, the doings of this devil. Springing from the tedium of life, he has produced an exaggeration of anabolic processes to a degree which has actually enfeebled his host and only fatigued him the more, thereby preventing him from developing a luxury of energy sufficient to extricate himself from his intolerable plight.
At this point I ought to hold my peace where Iwould in all .conscienceradmit nmy failure and cry for help. For years I have tried and failed to find out how the brain knows how much sugar is in the blood; all I can be sure of is that it tastes it in some place other than the brain, for I can fool it. For years I have been trying to find all the ways by which the brain affects that quantity, but one eludes me. For the brain can still control blood sugar when the pituitary is removed, the vagi cut, the spinal cord transected above the topmost outflow of the sympathetic system. So much for my incompetence.
Causalgia exemplifies two modes of transition from an inverse feedback to a regenerative action. It begins by an injury which is equivalent to throwing a switch that reverses the sign of the feedback from negative to positive. Its ingression into the spinal cord is equivalent to a change in the ratio of output to input, or gain, of an amplifier, which overloads it. This change in gain is obviously the result of oft-repeated over-activity in the circuit. Now, in general, gain depends upon frequency. For a circuit whose action is inverse at the frequencies it is intended to handle, there will exist certain other frequencies, higher and lower, for which it is resonant. To be alerted to anything is to increase the gain in some circuit. If this circuit is excited at a frequency for which it is resonant, great overactivity can be produced, and like causalgia in the cord, may permanently augment its gain, so that it goes into selfsustained activity.
Telephone switchboard operators used to be subjected to a signal alerting them to plug in a line, ask and hear a number, make a connexion, and listen until they hear both parties speak, cut themselves out of the circuit, and stand by to receive the next alerting signal. Lively girls of high intelligence, doing this at busy switchboards, became tense or nervous, had rapid hearts, sweaty hands, and nightmares. This form of nervous breakdown became a serious industrial hazard, requiring months of care in a sanitorium. The expense to the company was great enough to prompt the development of the dial system. This genesis of neuroses has been studied thoroughly in sheep and goats by Liddell. These beasts respond by lifting the fore-paw to a barely perceptible electrical shock. If the stimulus is repeated at equal intervals of one or several minutes, the sheep soon gives the response at the proper time, even if a single stimulus is omitted. That is all that happens. If he is taught that the beat of a metronome at one per second is followed by the shock, he tilts and raises his head and pricks up his ears whenever he hears the click, and may even raise his leg before the shock arrives. He can be taught to respond similarly to touch or sight instead of sound as the alerting signal. This is neither a painful nor a distressing experiment, nor one in which there is any task to require a difficult discrimination. Nevertheless, if the signal and shock are repeated at intervals of one minute or of four minutes, the beast becomes neurotic. With the shorter interval, he stiffens the fore-limb, breathes slowly, has a slow pulse and somewhat narrower pupils. With the longer interval, he begins to shake or paw with his fore-limb, pants, has a fast pulse and dilated pupils. Once firmly established, by a few runs each day for a few weeks, the reaction becomes so fixed that it lasts at least five years without reinforcement. Moreover, the beast ceases to be normally gregarious, and his fast irregular heart and respirations and much moving about continue permanently, even during sleep. Obviously the frequency of stimulation determines not only the existence of the neurosis, but also whether the sympathetic or parasympathetic system is the one involved.
Beside the neuroses that are generated by repetitive experience, there are some which clearly spring from a single, intense psychological insult. I have in mind what the American Army calls 'Blast'. A man near an explosion, but not so near as to suffer organic damage to his brain, starts to run in frenzy. After being stopped, say long enough to smoke a cigarette, he has lost all memory of the events from just before the blast until he smoked the cigarette. Thereafter he is startled easily, is terrified by the sound of airplanes or the back-fire of a passing car, and dreams of battle frighten him. He comes to resemble a hound gone gun-shy. From Walker's work we know that acceleration of head as great as in these patients produces throughout the central nervous system, an electrical disturbance which resembles that recorded in an epileptic fit. The blast itself can never be recalled. Again, the neurosis is an active reverberation, as shown in the autonomic outflow and the dreams. Why a single blast is able to set up such a process is not obvious. One would naturally suspect that the applied force, rather than the host of simultaneous signals over many nerves, was the cause, except that similar pictures appear in men too far removed from the explosion; merely as a consequence of seeing and hearing their companions killed in battle. Things of these kinds have easy access to a kind of memory other than either of those apparent in causalgics, neither mere reverberation nor the one that mediates our oft-repeated acts, but the one that stores our glimpses of the world, making it seem like a pack of photographs of things that happened once. Here each attempt to look again at these horrors, or anything that might incite-him to revive them brings back the frenzied fear. The content of these snapshots is not itself the fear, and if the fear could be forestalled, they could be seen for what they are. I do not know when first man had it in his power by drugs to quiet these churning fears. In our Civil War, the patients were made drunk, and, as they sobered, were allowed to reli* and discuss the things that racked them most. But we forgot the art of treating them, and re-discovered it in our war with Spain, when it was christened Hypnotic Therapeutics. In World War I we learned it once again, this time with ether, and in World War It barbiturates came into vogue, under the name of Narcoanalysis or Narcosynthesis. Next time, if there must be a next, I hop.we have the grace to acknowledge the good works of our forebears, and have the skill to stand upon their shoulders.
To my mind, Fabing's trick' of following amytal by coramine seems an improvement, at least statistically in its results, and scientifically, for, inasmuch as the bulk of his patients lost their terrors and their amnesia without analysis, synthesis or intentional suggestion by any fellow man, his success ought to be attributed to the sequential action of these chemical agents on the central nervous system. The amytal brought many processes to rest; a violent reliving of the accident ensued, and this was suddenly convcrted to the waking state by the generalized excitation of the brain by coramine. Fear was swamped out by normal activities, among which were the memories themselves of the accident, now quite innocuous.
For all our hypotheses, of the majority of neuroses that begin in civil life, the origin seems to me undiscoveredprobably undiscoverable. But the history of any case suggests that early in the process they may be broken up as easily as if they depended for their existence upon little more than mere reverberation, and only later became so fixed as to start up again once they are stopped.
Another origin of neuroses is instanced by conditions in which the gain is increased by the sudden withdrawal of various things, usually narcotic or soporific to the nervous system. I do not mean the convulsion that not infrequently follows the withdrawal of barbiturates. I am thinking, first, of the jitters of the alcoholic who tries to stop, and becomes unable in his tremor and terror to lift a glass to his mouth; second, of the violent autonomic discharge that ensues when morphine is withheld from those physiologically addicted, including the decorticated dog; and last, that all-pervading anxiety which comes when we lose the most wholesome of soporifics, a convivial bed-fellow. Fortunately, thanks to your British drug, myanesin, these problems have become simply and safely manageable. Henneman in our laboratory has most elegantly demonstrated that myanesin will prevent the activity of internuncials necessary for multisynaptic arcs, including the nociceptive flexion reflexes and the facilitation and inhibition produced by direct stimulation of the reticular formation of the mid-brain and hind-brain or by torsion of the head on the trunk. It was these experiments which led Dr Cooke to suggest trying it against the overactivity of masses of small cells produced in the aforesaid withdrawals, and so to experiments at Manteno State Hospital on large numbers of patients with sympathetic symptoms. I have purposely dodged the term 'anxiety'; for it is now applied to any state of the central nervous system giving excessive sympathetic activity. I have already described three such states, which are clinically and experimentally distinct: the first induced by repetition in telephone operators and in sheep, the second by single fright in a blasted man and gun-shy dog, the third by withdrawal of certain drugs in man and dog. All three conditions show exaggerated startle, and respond, at least temporarily, to myanesin. A good instance is my old dog Puck, who was early frightened by fireworks. Every thunderstorm puts Puck into a state of terror: he shivers continuously, hides under the bed, and refuses food for many days. The slightest stimulus startles him. Myanesin will not prevent thunderclaps from frightening him, nor does it completely suppress the startle; but after the storm passes he eats, and instead of hiding, comes to be petted without shivering. Myanesin has evidently damped the 'Fabing, H. D. (1947) Arch. Neurol. Psychiat., 57, 14. regenerative process. In the remaining case of the sheep, experiments with, myanesin are now under way, although we do not yet know the results.
Besides all these, there is a fourth condition like the apprehension felt] by a man about to visit the dentist, except that it often wants any well-defined object. The sympathetic system is evidently overactive, but mere noise will not augment its output further. The man shows no great exaggeration of startle, and his feelings are not much affected by myanesin, although his sympathetic output may decline a little. Masserman's cats appear to furnish the corresponding condition in animals. They are put into the ordinary experimental set-up for conditioning, where they learn to perform some response rewarded by food. Thereafter, when they perform the response, they receive instead of the food, or accompanying it, a blast of air in the face, like a cat spitting. Such cats will not eat, fight against being put into the conditioning box, and become unsociable. But they have no exaggerated response to startle, do not increase their sympathetic activity in response to noise, and, as I have just heard, are not measurably affected by myanesin. They seem anxious-but I suspect their apprehension is more like that of the ordinary neurotic patient.
Every treatment of causalgia has its counterpart in handling neuroses in general, at the proper stage. But, at the moment I am chiefly interested in one resembling the newest treatment of blast. We have had nearly five years' experience with it to date. Of the first 117 whose, treatment ended some four years ago, 79 are still well today, and 2 who relapsed have recovered on repetition of the treatment, For its rationale let me recall to you Gasser's diagram when the circuit K is regenerative. If we raise the threshold of b, we shall be able to halt the reverberation temporarily. When the threshold falls again, the normal input I may be able to pre-empt the necessary common internuncial, so II will not get going as before. Whether this happens depends upon the exact times at which signals from I and II arrive. A second way of doing this would be to make b temporarily indefatigable; for then I could fire it at any time and be on an equal footing with II in the race for possession of b at every round. A third possibility lies in the background of excitation and inhibition, not indicated in the diagram, but always there in the living nervous system. For, any shift that might fail to excite II or inhibit it or do the reverse to I might upset the balance. In fact, merely to excite both maximally or inhibit both maximally would tend to equalize their chances for possession of b.
Lorente de N6 has shown that CO2 raises the voltage and threshold of all axones, and also, what may be most important here, it renders them almost indefatigable. The effect of this on the activity of various structures is diverse. The cortex, normally so far from fatigue as to be capable of an epileptic discharge whenever it is electrically excited, has its normal level of activity controlled by inverse feedbacks which keep its afferent impulses down to a small established average. Consequently, the effect of CO2 on fatigability is here without effect, but the rise in threshold it induces puts a stop to cortical activity. In the respiratory mechanism the opposite is true, for its fatigued neurons are always the recipient of more impulses than they can relay. They are too tired to have a convulsion, no matter how frequently we excite them electrically. C02, by raising the threshold, can make little difference, but because it also prevents fatigue, it will cause a vast increase in respiration. Other structures of the thalamus, mid-brain, and hind-brain exhibit intermediate conditions.
Whether this is the complete story, or whether there is also a chemical specificity, remains to be proved. At the moment, we can only add that respiration of 150% CO2 in 02 prevents the seizures normally induced cortically by electrical stimulation or by metrazol or similar substances, whereas it augments the effect of bis-beta-chlornitrogen mustards, which start fits in the hind-brain, notable in the cerebellum.
It follows that the respiration of 300% CO2 in 02 will alter, briefly but extremely, the background of excitation for neurotic reverberant feedback loops, and for normal inverse onwes. This alteration may halt reverberation. Over and above this shift, by rendering b indefatigable, CO2 gives I and II equal chances for the necessary internuncial; irn some of them I will succeed.
In giving, say forty treatments of say forty respirations each, of 300% CO2 in 02, one cannot avoid the suggestive effect of a doctor, a nurse, a mask, and submission to transient loss of consciousness. Still, in view of our contagious incredulity, particularly in the first series, the score is too high to attribute to psychological factors. Others now have longer series and better scores than we. In fact, their enthusiasm is somewhat alarming -particularly their reported success in treating gastric ulcer. I have been most surprised by the results in disorders of speech, commencing in childhood and treated in the twenties or late teens. If we exclude stutterersthe people who say I did --I did --I did --etc., who often have additional signs of damage to the brain, such as an arm that fails to swing normally in walking, or too fixed a stareand accept only stammerersthose who say I --------I did itthen, of 50 cases the successes numbered more than 25. Having seen my sister, a teacher, and my cousin, a surgeon, bring on stammering by learning the one to write, the other to shave with the left hand, I am not altogether satisfied with supposititious psychic skeletons in the unconscious. It is enough to know that the devil is a reverberation who succumbs to CO2. Unfortunately causalgia and great anxiety are prepotent demons. Under CO2 they are intensified, as if fatigue alone had limited their sway. The patient never leaves the doctor long in doubt on this score. He simply refuses a second or third treatment.
Beside prepotent demons, there is another condition that resistsor is unaffected by -CO2. I hesitate to speak of anankasticsobsessive or compulsiveagain at this meeting. The only experiments that have produced a condition which may be compulsive are Kurt Richter's on rats, poisoned once severely and thereafter required to select their diet from samples of various foodstuffs, of which, now one now another contained a little of the odorous poison. They hang on to the wires of their cages, wrap their tails around a wire and, even in sleep, hang on as if this would insure their not eating the poison in a 'moment of relaxation. This behavior persists for at least sixty days when the poison is withheld. If a similar picture can be produced in primates, we may be able to work out the complete circuit. In man mayhem must be less radical, but obviously there has been enough of it already to show that some portions of the fore-brain contribute to or constitute the closed path, or reiterative core, of obsessional stereotopy. I only hope that while neurosurgeons still have the operations on their consciences, psychologists will have an opportunity to study the way leucotomy, topectomy, and thalamotomy destroy the force, and finally the ideas, of those troublesome sentiments, for until we know more than we do today of the nature and boundaries of the consequent psychopathy we are in danger of robbing the patient of some of the ends of life which make it in the long run socially worth while.
DISCUSSION
The CHAIRMAN, Professor F. L. Golla, said that there was one point which struck him and that was whether a mechanistic approach to the neuroses was a possibility. Somewhere about 11 o'clock at night, standing in one of the highways, one would see a lot of people passing along in a great variety of moods; it was the hour at which the public houses closed. He could not think that very much would be learned from the sight of the effects of the poison but from the fact that each had a different system, a different stratum at which the alcohol worked. Professor McCulloch might be asking too much, it might be that they would ultimately have to correlate the mechanistic account with introspection to make it intelligible. As living beings they could do something which no mechanical thing could ever dothey could objectify themselves.
Dr DEREK RICHTER wished to pay a tribute to the most erudite and stimulating account which Professor McCulloch had given. Professor McCulloch had described, particularly in his writings and to some extent in his Address, the electrical mechanisms in the brain, and he would like to ask if there was any recent evidence of an interrelation of the electrical rhythms of the brain and behaviour at the higher levels. The previous work by Adrian and the work done in the Burden Institute were a little disappointing in that they showed a negative rather than a positive relationship between the electrical rhythms which one could pick up and actual behaviour. It was known that the alpha rhythm disappeared if conscious behaviour was started. They had been particularly interested in that problem at Cardiff and had recently been working on the relations between the actual phase of the electrical rhythms and behaviour. Some of the evidence might appear to give confirmation of the views of Professor McCulloch. The actual effect which he wished to mention was the relation of the phase of the alpha rhythm and the moment of initiation of a voluntary movement. The alpha rhythm could be shown very easily in an individual who was sitting relaxed with closed eyes, and the moment when he initiated any voluntary movement appeared to bear a relatiQn to the phase of his alpha rhythm. Every tenth of a second the probability of his starting a movement increased, showing, in effect, a working relatiop between one of the rhythms and psychomotor behaviour (Kibbler, Boreham and Richter, 1949) .
Was there any other evidence which would point to an active relationship between the rhythms rather than the negative type of relationship which had generally been Dr DENIs HILL thanked Professor McCulloch for a most interesting Address covering so many fields in which they were all concerned. He was surprised to hear him use the word 'demon' in describing the development of neuroses. He referred to reverberating processes of activity which might move towards the cortex and he referred to the state for such reverberating activity as the demon: 'the demon moves'. Keeping to his inechanical terminology it seemed to the speaker that Professor McCulloch was suggesting that the attention of the rest of the brain was directed towards the movement and activity of this electrical 'demon'. If that was so, there was a lot left after the reverberating circuit was accounted for. Dr D. A. POND (London) said with reference to the idea of feedback, it was clear from Professor McCulloch's talk how nerve injury could produce 'cross-talk' and positive feedback in cases of causalgia. However, it was not clear what was the analogous explanation for the development of positive feedback mechanisms in the C*N.S., where there was no evidence of structural damage. The concepts of circular reflexes, the laying down of new pathways, etc., had a long history in psychology and physiology, and he was not clear how far Professor McCulloch's description of positive feedback as a functional disturbance in an electronic machine, threw light on what were the possibly comparable disturbances in the nervous system in cases of mental disorder. Dr F. A. PICKWORTH (Birmingham) had studied the nature of nervous processes in mental disorders, and in this had profited much by reading Professor McCulloch's publications.
He (Dr Pickworth) wished to distinguish between mental and neurological processes. As far as the mind was concerned there was plenty of evidence that the central nervous system was not the 'master tissue' of the body. For example, the brains of schizophrenics were in his experience often better structurally than those from non-mental cases. Schizophrenics could be taken as typical since they occupied half the mental hospital beds throughout the world. Freeman [1] applied the terms 'particularly normal' G at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from to such brains. Dr Pickworth had known intimately several persons whose minds and personalities were not grossly altered by large cerebral destructive lesions. He had seen in Institutions, quadriplegic idiots who had minds and even characters of their own, although handicapped in the development and expression of them. Cerebral stimulation can restore function in long-standing mental abeyance, which fact establishes the integrity of the subservient central nervous system. The conditioned reflex, contrary to general acceptance, was not typical of a mental emotional state, since so much automatic (robot-like) behaviour was devoid of mental-emotional component. Attempts to identify unity of mind with the paired structures of the central nervous system were therefore doomed to failure. By contrast, all intense mental-emotional processes were regularly accompanied by vascular changes in the body. Corresponding mental changes were to be noted with physiological changes of blood pressure, which altered the local cerebral blood flow. Similar changes of both could be induced with drugs, toxins, or hormones acting over a period of time. He had been able to show, by a specially devised staining technique, structural alterations of the cerebral blood flow in cases of mental disorders. These changes were very evident in early general paralysis. The lantern slide shown indicated clearly congestion and gross structural lesions of the cerebral blood vessels of the motor cortex. He believed that, if cerebrovascular lesions were accepted as the pathogenesis of general paralysis, one could apply Osler's dictum of 'know syphilis in all its manifestations and all things clinical shall be added unto you', to other mental diseases, including the psychoneuroses. The aetiological agent may differ, but the pathogenesis is the same, namely pathological deviations of the local cerebral vascular flow, details of which are given in a pending publication [2] . The dependence of reflex nerve function upon the local blood flow was first shown by Sir F. W. Mott [3] . The blood flow abnormalities in schizophrenia have been likened to ergot poisoning. Those in early and late encephalitis are readily demonstrable, and in his opinion easily correlated with the sleep disturbances and mental symptoms. The literature contained most of the facts necessary, when read from the above aspect, to enable us to make drastic changes in our conception and treatment of mental disorders, and to acquire a better understanding of the mind itself.
Professor MCCULLOCH, in reply, said that he left his research, in problems raised by Organic Neurology while he was at Bellevue Hospital, for less than two years which he had spent in Psychiatry at Rockland State Hospital and from it returned to the laboratory with enough problems to keep him busy for the rest of his life. What he had done in his lecture was to rehearse the classical problems of neuroses, outlining for each neurosis the corresponding experimentation in animals in so far as he knew how to do it. It was his hope that some of his audience would begin to be interested in what one could do with a patient who could not confuse the doctor by his vocabulary.
He took up the questions in the order they were asked. The first concerned the mechanistic approach to the problem of neurosis or of any other psychological activity. One often heard that this or that property of the nervous system could be imitated by machines. Since he had shown that machines can and do have ideas and purposes it did not seem to him to be any great matter to design a machine that objectified itself, which is to have reflective knowledge of its own thinking.
Next, in answer to Dr Richter, who had asked concerning new evidence of resonant circuits, notably the relation of the Alpha activity of the brain to the output by mouth, or by hand and to perceptions. The man, Craik, who held most promise for the world in this direction unfortunately was dead and his work was so buried in Governmental reports that except for his little book it was not accessible. Among his most brilliant work were, certain observations of the times during which man took in that amount of information on which he based a predicting response. Craik showed that in some cases it took 2/lOths second, and in others 3/lOths second with a rather sharp break between them, and thereafter the man took in no information during the next 1/10th second. John Stroud, now working with the U.S. Navy, had followed this same line. He showed that man perceived in moments of about 1 /1Oth second each, lacking internal temporal structure and movement, and Stroud was correlating these moments with the electro-encephalographic records. He had shown that these 1/10th second visual moments could be locked in by auditory activity. Anyone who worked with the cathode ray oscilloscope trying to hold a pip in the center of the screen and put the click of the fly-back to his ears by earphones, and turned the frequency to a convenient setting found that he set to his own alpha frequency. The evidence on this was just beginning to come in. There was but one thing he would like to persuade his audience to do namely to collect Craik's work and get it published soon.
With regard to the demons: a demon is not a structure, a demon or a gremlin is but a circuit-action. It is in almost all cases regenerative circuit-action which should be a kind of servomechanism -inverse or negative feedback. It was the peculiar property of complicated circuits like the nervous system that one usually could not precisely locate gremlins in them. Certainly the gremlin is never in a single item without a circuit but always in a closed path. What he had tried to point out was that this gremlin, this resonance, could begin in a disturbed reflex and, if it lived long enough, it modified some other loop and so could give birth to a second demon; whereafter the first demon could die, but, as far as his character or his soul is concerned, receives the same gremlin. He was not sure whether the difficulty the questioner had had was that the lecture attributed mental properties to gremlins who certainly have ideas and intentions.
To Dr Pond's question as to cross-talk and what turns up the gain, the answer was that the cross-talk in a causalgic nerve made it act repetitively and repetitive activity if persistent in some way, turned up the gain of the circuits in the cord. So when we learn to skip or to play a piano, erstwhile inadequate stimuli become adequate though we do not know how repetition turns up the gain. It is difficult to imagine how this happens in the spinal cord where one would expect all connexions to be firmly established by the time one can walk. Yet it seemed now clear that new pathways might be formed or old ones lost under unusual circumstances. This was first reported by Coller and Shurrager, but an excellent neurosurgeon, A. A. Ward, and a psychologist, Donald Marquis, were unable to teach the spinal cord. This suggested to Dr Lettvin that the difference might lie in rough handling, destroying some paths afferent to the motoneuron, thereby leaving it accessible to other impulses. Lettvin, therefore, cut the dorsal roots of a two neuron reflex arc, stimulated afferents normally inhibitory to this arc and simultaneously stimulated antidromically the motoneurons of this two neuron arc. Thereafter the erstwhile inhibitory afferents excited the motoneurons. The reason this work has not been published yet is that we do not know the histologic details nor are we certain the new path is monosynaptic. In any case it shows that the behaviour of the cord can be modified so that formerly inadequate stimuli become adequate. This is one kind of memory. The changes that occur higher in the nervous system may all be due to the kind of memory which preserves snapshots of the world to be re-evoked whenever this is required.
The last question was a crucial one. He did not join in the discussion that morning when Gellhorn lectured although he had wanted to cry 'hear, hear' because Gellhorn was on the right track. He thought neuropsychiatrists had habitually looked to the cortex for things actually in the brain-stem. Gellhorn was persuading them to look in the right direction. However, the brain-stem was not necessarily the master tissue of the body because there is no one master tissue. Meduna's work had shown that about two-thirds of so-called schizophrenics were biochemically abnormal, being unable to handle glucose properly when given it by vein, and unable to convert levulose into glucose, having something in the blood rendering them resistant to insulin, and putting out in their urine a substance that raised blood sugar in animals. About 1 mg. of this material when purified doubles the blood sugar of a 250-gramme rat. In these disorders of the brain we are dealing with a biochemical disorder which is almost as obscure as diabetes mellitus was 
Philadelphia
Thalamotomy is an attempt to influence disturbances in the emotional sphere by placing circumscribed lesions in the dorsomedial nuclei of the thalamus (dorsomedial thalamotomy) and/or in the hypothalamus (hypothalamotomy). It differs from the various operations in the frontal lobe fundamentally: these latter types of operations interfere not only with the connexions between frontal lobe and thalamus but also with the association systems of the frontal lobe. These association systems are not affected by thalamotomy. The expectation that thalamic lesions may have a favorable effect upon emotional disturbances is based upon Cannon's theory that emotional reactions are due chiefly to an interaction between cortex and diencephalon.
In the selection of the material we were guided by criteria similar to those usually followed for prefrontal lobotomy. 41 patients, mostly institutionalized cases of schizophrenia, depression, severe compulsion neuroses, have been operated upon. Most of these patients were under psychiatric treatment for a period of from one to 17 years, and had also been subjected to the various shock therapies without relief. In 2 patients with obsessive compulsive neurosis, prefrontal lobotomies had been performed at other institutions without alleviating the disturbances. The stereotaxic method used for production of the lesions has been previously described (Spiegel, Wycis, Marks and Lee), and its recent improvements are outlined in a separate paper in this symposium (Wycis and Spiegel). Types some animals a transitory state of somnolence or reduced reactivity. However, since the sequelae of circumscribed lesions of this area in man were not known, we proceeded only step by step, producing in the first group only single coagulations about 3 mm. in diameter and increasing the size and number of the lesions as we became convinced that the operation produced relatively few undesirable by-effects.
Group I: Single lesions (3 cases). In the first case (compulsive obsessive state and depression) we placed only 1 coagulation on each side, in the second patient (catatonic schizophrenia) 4 lesions on the left and 1 on the right, in the 3rd (mental deficiency with agitation) 2 lesions in each dorsomedial nucleus. In view of the smallness of the coagulations, each covering about 1/36 of the volume of the dorsomedial nucleus, one could not expect a definite therapeutic effect from the few lesions placed in this initial group. There was a transitory improvement in Case I, the patient becoming mildly euphoric, less irritable, exhausted and meticulous. This temporary amelioration, however, could hardly be regarded as a consequence of the lesions. These first 3 cases may serve as controls showing that the psychologic or somatic effects of the operative procedures without sufficient lesions of the dorsomedial nucleus are not able to produce permanent changes of emotional tone as seen in patients in whom a larger number of electro-coagulations were produced in each dorsomedial nucleus.
Group II: 5 coagulations in each dorsomedial nucleus through 3 puncture canals (8 cases). Group III: Large electrolytic lesions consisting of 2-3 rosettes in the dorsal, central and ventral parts of the dorsomedial nucleus produced through 1 single cerebral puncture on each side. Each rosette consists of 4 ovoid lesions, i.e. an anterior, a medial, a posterior and an anterolateral lesion (remaining 30 cases). Group IV: Hypothalamic lesions. In 7 patients, 1 schizophrenic of group II who had relapsed, and 6 schizophrenics in group III in whom the lesions of the dorsomedial nucleus were insufficient to improve the psychotic state of the patient, 1-3 lesions were placed uni-or bilaterally by means of an electro-coagulation in and above the lateral hypothalamic area through a single puncture canal on each side. In order to minimize shock produced by bilateral hypothalamic lesions the operation was performed in two stages with an interval of several weeks between the first and second operation.
A total of 59 operations was performed in 41 patients. Post-operative death occurred in 1 case in group II and in 1 case in group III, so that the operative mortality was 3.4 %. Initial post-operative symptoms. -While some patients may be awake and oriented on the first day after operation, most exhibit in the first days following dorsomedial thalamotomy similarly as after prefrontal lobotomy, somnolence, disorientation particularly for time, memory defects, inertia, apathy, then psychomotor retardation.
These disturbances usually are milder than after the prefrontal lobotomy. It seems particularly of interest that the disorientation affects all spheres after prefrontal lobotomy, while in our material there was chiefly disorientation for time; the patient usually is aware that he is in a hospital and usually does not misidentify persons (except if he was confused before operation). For a few days, he is often not aware that he has been operated upon.
Since the main effect of thalamotomy is found in the emotional sphere, the studies of Rapaport regarding the interrelationship between emotion and memory are of great interest. He considered the possibility that the basic psychological factors underlying the experiencing of emotions are identical with those which come to expression in the form of memory organization attributed to emotional influence. Thus memory organization and emotional experience would be expressions of the same basic factors which may be called psychic energies, strivings, or drives. It seems not impossible that injury to the thalamofrontal system interferes with these basic psychic 'factors. However, it should be emphasized that there was no parallelism in the duration of the memory disturbance and the affective relief since the latter usually outlasted the former.
Thus, the possibility cannot be denied that lesions of the dorsomedial nucleus may 'interfere with diencephalic mechanisms related to a primitive state of consciousness upon which the formation of memory may depend. The lesion of the dorsomedial nucleus'may, for instance, affect the functioning of cell groups in the vicinity of the mammillary bodies where pathologic changes have been found in cases of the Korsakoff syndrome (Gudden, Gamper) . Impairment of motility. -There was in 1 case a slight ptosis of one eyelid for two days, in 3 cases an impairment of upward movements of the eyes. This apparently occurred when the lesion reached the posterior parts of the thalamus, close to the mid-brain. In 2 instances a transitory unilateral weakness of the oral branch of the facial nerve developed; there was in 1 patient a slight weakness of one arm for less than one week. The motility of one leg was twice impaired for two to three weeks, once for 2 days; and the Babinski phenomenon was demonstrable in 5 cases of group II for less than two weeks. This was probably due to the fact that the puncture canal passed through the region or the vicinity of the paracentral lobule. In group III, where only one puncture was necessary on each side, there developed only once a weakness of a leg of two days' duration. In 2 cases of group IV a transitory hemiparesis developed. All these motor deficiency symptoms apparently were by-effects caused by encroachment of the lesion to parts outside the dorsomedial nucleus or the hypothalamus. This is indicated by the relatively rare appearance and the short duration of these motor phenomena.
Sensory disturbances. -Disturbances of sensation were still less frequent than impairment of motility. They developed only in group II, once hypalgesia of one arm for five days, once ulnar hyperalgesia for two weeks. This was the only instance in which a symptom resembling the Dejerine thalamic syndrome developed. We tried to prevent the development of such a syndrome by avoiding lesions reaching the ventrolateral parts.
In view of statements in the literature (e.g. Wallenberg) that fibers from the sensory systems may enter the dorsomedial nucleus we tried to ascertain by various methods whether a change in the threshold for painful stimuli developed after dorsomedial thalamotomy. Threshold determinations were performed before and after operation: (1) By applying a metallic brush and measuring the coil distance of an inductorium 'supplying it with faradic current; (2) by estimating the pressure of stimulating pins; (3) by producing anemia in the arm and ascertaining the number of the flexorextensor movements of the fingers possible before pain appeared. Significant changes in threshold failed to appear in these 3 series of measurements so that a direct relationship of the dorsomedial muscles to pain perception seems-ratherfdoubtful.
There was also no disturbance of the so-called 'psycho-reflexos (involuntary laughing and crying elicited by emotions) so that a relationship of the!dbrgomedial nucleus to these reactions assumed by Kirchoff could not be confirmed.
Vegetative system. -The reactivity of the vegetative system was studied by Dr H.' Keith Fischer in 15 cases (11 bilateral thalamotomies, 1 pallido-thalamotomy and 3 bilateral mesencephalotomies). The oculo-cardiac reflex, the reaction of b lood pressure and pulse to subcutaneous injection of adrenaline, the Loewi adrenaline test, the local reaction to cutaneous adrenaline injection, the atropine test (Danidlopolu modification) and dermographism were tested before and one to two weeks after operation. In the majority of the thalamotomies (7 cases), an increased reactivity of the sympathetic system, particularly to adrenaline injection, e.g. increase of the rise of systolic blood pressure, of pulse,-Tate, and pulse pressure, was observed. In one instance there was a shift in favor of the parasympathetic system, and 4 patients failed to show post-operative changes. The control cases (3 mesencephalotomies) failed to show definite changes or showed decreased adrenaline reaction. It should -be emphasized that the post-operative changes of the resting values definitely influenced the reactivity of pulse or blood pressure to ocular pressure as well as to adrenaline injection, and that the changes in the various reactions (e.g. in blood pressure and pulse rate) did not necessarily always go strictly parallel. Several months after operation the reactivity of the vegetative system again showed the pre-operative pattern. A correlation between the changes in the vegetative reactivity and the therapeutic effects in the emqtional sphere could not be established.
The most frequent vegetative by-effect was vesical incontinence (5 cases in group II, 10 in group III); it lasted from a few days to two to three weeks.
In the genesis of this vesical incontinence as well as of the much less frequent rectal incontinence, psychic factors (carelessness, lack of attention) may play a part. But the possibility of changes in the reflex activity of the bladder should not be overlooked. This is indicated by cystometric studies carried out by Dr K. B. Conger. They require, of course, the co-operation of the patient so that it is difficult to apply this method to psychotics, and only in a few cases (7) the measurements appeared reliable.
A definite hypertonicity (hyperirritability) of the bladder developed in 3 cases, and hypertonicity within the range of variability of the method in 1 patient. It should be emphasized that none of these patients showed an involvement of the pyramidal tracts. A decrease of a pre-operative hypertonicity with a tendency to return to normal was observed in 1 case that was complicated by a pre-existing urinary infection, while definite changes failed to appear in 2 patients.
A transient decline of the blood pressure was recorded 4 times after dorsomedial thalamotomy; it was particularly marked in a schizophrenic suffering from vascular hypertension, where a drop from average values of 210/118 to 115/90 occurred. Nine months after operation this patient still showed lowered blood-pressure values varying between 136/82 and 155/90. In 3 patients of groups II and III, there was a definite increase of appetite and weight.
The blood lipids (cholesterol, phospholipids, fatty acids, neutral fats), the various liver function tests and the glucose tolerance before and after dorsomedial thalamotomy were studied by Dr H. Shay (14 cases). Following this procedure, changes were found only in regard to the latter test. In 4 cases with peak blood sugar values above 180 mg. within one hour after ingestion of glucose, there was within two weeks to two months following thalamotomy a decrease of the postprandial hyperglycemia. This effect was only transitory. Six months after operation, the glucose tolerance curve returned to the pre-operative values. In cases with less marked postprandial hyperglycemia (8 thalamotomies, 2 mesencephalotomies), the glucose tolerance failed to show significant changes after the operative procedure.
The relatively short duration of most of the vegetative changes su~gests that the lesions placed in the dorsomedial nucleus temporarily affect the activity of hypothalamic centers. Further studies will have to analyse whether this is caused by a reduction or loss of stimulating impulses from the dorsomedial nucleus to cortical or hypothalamic vegetative centers or the effect of shock upon these areas. A certain indication that such an effect of shock upon the hypothalamic centers produced by the lesion in the dorsomedial nucleus is not the only factor, is given by the fact that the small electrocoagulations that we placed in the lateral hypothalamic area (see later) produced only rather slight vegetative disturbances.
Emotional changes. -Beneficial effects upon pathologic symptoms were obtained chiefly in the emotional sphere. In successfully operated cases, the patients' anxiety, tension, and worry disappeared or were at least definitely reduced. They became more easily manageable, their agitation, aggressive or assaultive behavior subsided. Hallucinations were reduced, lost their emotional charge, occasionally even disappeared. The same applies to paranoid ideas. Obsessive thinking also lost its force and compulsive activity disappeared.
The development of this improvement sometimes became manifest after an interval of several weeks. In the intermediary stage, repressed symptoms such as hostility or increased libido may become manifest for a while; this was particularly obvious in two catatonic schizophrenics (Nos. 19 and 27) .
The question may be raised why not only tension and anxiety. are relieved, but also such symptoms as delusions and hallucinations. If one recognizes with Bleuler the dominant role of affectivity among psychic functions and the influence of emotional disturbances in the genesis of pathological associations, it may become plausible that lessening of tension and anxiety may also favorably influence pathological associations and related symptoms. However, it should be emphasized that operative procedures relieving emotional disturbances and allied phenomena do not eliminate the as yet unknown basic disturbances underlying dementia praecox.
The reduction of anxiety may manifest itself also by a drop in the score of Garrison's anxiety and complaint inventory as well as in Rorschach studies.
The Rorschach data of 9 cases were analysed by Mr C. W. Orchinik who arrived at the following conclusions: these patients show a rather limited pre-operative productivity (R); immediately after operation, the average number of responses increased; however, this liberation from constriction is transitory. Individual cases of extreme constriction are less constricted after operation. The changes in the number of responses occurring after the operation seem to vary with the preoperative personality structure. There is some pre-operative constriction in inner life (average pre-operative responses with human movement (M) slightly less than 2). This tends to persist post-operatively for the group. In cases who did not have an M pre-operatively, there is a tendency for an M to appear. This suggests a trend toward increased reflectiveness in patients in whom it was previously absent. There is a rather meager outer life pre-and post-operatively as indicated by the relatively small number of responses in which color is a determinant. However, slight changes are noted post-operatively such as increase of reactions with fusion of form and color (FC), indicating a tendency toward greater emotional adaptability. Regarding post-operative changes of CF responses (in which color is the major determinant and form secondary) and of C responses (in which color alone is the determinant) valid conclusions cannot be drawn, because too few cases showed any CF or C preor post-operatively. Controhis moderately high (F responses primarily determined by form, fairly high) and remains about the same post-operatively. There is some improvement in the quality of the form responses post-operatively. This indicates better integration of the personality. Instinctual drives are present as shown by responses of animals in movement (FM). Immature trends seem to outweigh the mature ones both before and after operation, as indicated by the prevalence of FM over M responses. There was a tendency to overgeneralize in the pre-operative record (responses to the whole blot W almost 50 0) which seems to decrease post-operatively. Practical, more conventional thinking seems to go up after operations (about 6004 responses to details D in post-operative test II). Some dilatation in personality particularly in emotional adaptivity and responsivity is suggested by the tendency to increase in FC reactions after operation. But the basic structure of the group as indicated by the graph as a whole remains essentially the same. No consistent gross changes in the personality appear for this group.
The findings seem to indicate that in some cases patients who have difficulty coping with emotionally charged situations pre-operatively are better able to meet these, situations after thalamotomy; the emotional situation is no longer so upsetting as it was pre-operatively and the patient does not feel the weight of the problems so intensely.
Examination of 5 cases which showed improvement after thalamotomy seems of particular interest. It reveals some similarity in the pre-operative records, particularly some manifestations of color and shading shock, psychoneurotic symptoms revealed in the Rorschach by delayed reaction time to the cards, rejection of the cards, or exclamations. After operation these symptoms decrease or are less intense. For example, in 3 cases there was a marked delay in reaction time to the cards pre-operatively.
Several months after operation this shock reaction time decreased noticeably, especially the reaction time to the color cards. That these changes are not the result of practice is suggested by the length of time which elapsed between re-testing. These cases will be discussed in another paper in which individual as well as group changes will be evaluated.
It may be asked whether the relief of affective disorders following the thalamic lesions is only the consequence of destruction of brain substance, or whether it depends on lesion of a definite area such as the region of the dorsomedial nucleus. In this respect a case seems of interest in whom the first lesion was inadvertently produced in the posterior part of the thalamus in the vicinity of the corpora quadrigemina due to a displacement of the base of the stereo-encephalotome. The location of the lesion was indicated by a droplet of pantopaque injected at the end of the operation as well as by impairment of the upward movement of the eyeballs and loss of the light reflex of the pupils. This lesion failed to influence the psychotic picture of the patient, her suspicious and paranoid attitude. Following a second operation performed several weeks later in the region of the dorsomedial nucleus the patient became co-operative and friendly and seemed no longer suspicious or paranoid.
Social adaptability. -33 patients in groups II and III (extensive lesions of the dorsomedial nuclei) were observed for over three months (from four months to over two years). Of these 33 patients, 5 returned home with nearly full working capacity, 11 returned home with diminished working capacity, 9 were more manageable in the hospital, 8 are unchanged, and of the 16 with definite improvement 6 have relapsed'.
The appearance of relapses may have various causes, partly psychologic, such as increase of the stress to which the patient is subjected after leaving the protective atmosphere of the hospital and returning to daily life, and partly anatomic-physiologic causes. Our main goal in the first part of our work was to ascertain the minimum lesion able to produce a therapeutic effect. We were therefore satisfied in group II to place 5 small lesions covering about one-seventh of the volume of the dorsomedial nuclei. However, after placing larger lesions (3 layers of rosettes in each dorsomedial nucleus) we also observed some relapses. In analysing their development the following has to be borne in mind: It is rather improbable that the neural mechanism of such a complex function like emotions is limited to a single system such as the connexions between the dorsomedial nucleus of the thalamus and the frontal association areas, and it seems rather probable that also other systems may participate in this mechanism. One may consider the possibility that particularly hypothalamic connexions with the frontal lobes, perhaps by way of the septum or those with areas on the orbital surface shown by strychnine neuronography (Ward and McCulloch) may play a part in this mechanism, besides the connexion of the dorsomedial nucleus with the frontal association areas. One has, therefore, to bear in mind the possibility that even following large lesions of the dorsomedial nuclei compensatory mechanisms may take place, and 'In this respect the experiences with the much more extensive prefrontal leucotomy are of interest In the material reviewed by the Board of Control (England and Wales), 11-5 Y. of the schizophrenics who recovered or improved following the operation relapsed. In Freeman and Watts' material, observed for a ten-year period, the relief following the first operation was only transitory in 12 of 20 cases.
that the development of such compensation may be one of the causes of the relapses.
Comparison of stimulation of the hypothalamus and of the dorsomedial nucleus. -
The assumption that the hypothalamus may compensate for the loss of the dorsomedial nuclei and that its role in the mechanism of emotions may be more important than that of the dorsomedial nuclei is supported by a comparison of the effects of stimulation of these 2 -areas. In 2 patients, one epileptic and a psychoneurotic with anxiety state, we had an opportunity to stimulate the dorsomedial nucleus in local anaesthesia with an interrupted D.C. (14 interruptions/second). The first patient stated during stimulation, that'he had a feeling of weakness but no other abnormal sensations or -feelings. The second patient stated during stimulation that he felt 'different, dizzy', but he also failed to experience a definite sensation or excitement. This is in contrast to Foerster's observations that stimulation of the floor of the third ventricle may produce manic reactions and Grinker's experiences that stimulation of the base of the brain from the roof of the pharynx may produce anxiety. However, it should not be overlooked that, in some instances (White), stimulation of the'hypothalamus may also fail to produce psychic changes. Furthermore, stimulation of frontal areas connected to the dorsomedial nuclei, also doesnot produce emotional reactions, although their extirpation may be followed by relief from anxiety (Mettler).
Hypo-and sub-thalamic lesions. -Particularly animal experiments induced us to place lesions in the sub-and hypo-thalamus in cases who relapsed following initial improvement after dorsomedial thalamotomy or in whom such a procedure proved insufficient. In experiments of Spiegel and Miller,-subthalamic lesions in cats produced a transient somnolence and catalepsy and the animals were less excitable than before operation. In monkeys, Ranson observed, following bilateral lesions of the lateral hypothalamic areas, that the emotional reactions decreased.
In 7 schizophrenics, we placed 1-3 electrocoagulations through 1 puncture canal in the lateral hypothalamic area and the overlying subthalamus. The first case of this type may be briefly described.
This was an agitated, hallucinating schizophrenic who had improved to such an extent after the first thalamotomy that he could be considered nearly normal. One and a half years after the operation he relapsed, again hallucinated, and had to be readmitted in view of his catatonic excitement. Since a second thalamotomy increasing the lesion of the dorsomedial nuclei failed to change his condition, it was decided to place a small lesion on either side in the lateral hypothalamus in a two-stage operation. Following this procedure, he quieted down, did no longer hallucinate, and became easily manageable. Although he still showed schizophrenic traits, laughed inappropriately, he could be discharged from the hospital, and his parents now try to readjust him on a farm.
In a second agitated hallucinating schizophrenic, it was also necessary to add bilateral hypothalamic lesions to those of the dorsomedial nuclei. In 5 other cases, the addition of unilateral (right-sided) hypothalamotomy to the bilateral dorsomedial thalamotomy seemed sufficient. In one of these cases, bilateral dorsomedial thalamotomy was combined with right-sided hypothalamotomy in a one-stage operation. In all these cases, these combined operations were able to relieve the patients from anxiety, emotional overexcitability, agitation, so that they became quiet and more easily manageable. A second patient could be sent home. For the others the time of observation is too short to arrive at a definite conclusion.
The effects of these hypothalamic punctures upon the vegetative system were surprisingly slight. There was in all cases a transitory rise in temperature lasting from one to two days up to over a week. In some instances there was a slight anisocoria which could be detected in diffuse light only, and a transitory slight vasodilatation in the opposite limbs revealed by a slight increase of skin temperature on the opposite side. Contrary to Ranson's monkeys who refused food and were nauseated after bilateral hypothalmic lesions, most of our patients showed an excellent appetite a few days after the operation. Only 1 was nauseated. Transitory polydipsia and polyuria appeared in 2 cases. Somnolence was marked for a few days to over a week in all cases, and in 1 patient there was a transitory state of catalepsy.
Undesirable side-effects of long duration. -Since our longest observation period after hypothalamotomy is five months, a discussion of long-lasting undesirable sideeffects is limited to those cases in which dorsomedial thalamotomy was performed only. In 4 cases there were defects of memory lasting for several months and in 3, a diminution of initiative. One of these patients had been previously subjected to prefrontal lobotomy at another hospital. This latter patient is also more careless in personal appearance.
Psychometric tests'. -The data obtained by administering the Wechsler-Bellevue Intelligence Scale on 16 individuals before and after dorsomedial thalamotomy, in 3 before and after mesencephalotomy, and in 3 before and after paracommissural thalamotomy within one to three weeks and three months after operation were analysed by Miss R. Koch.
The statistical analysis of our material as well as a comparison with Hamister's data of S.D.'s S.Em.'s for the subtests and the various scales in a neuropsychiatric population showed that the differences in the mean achievement before and after operation in subtest scores, verbal I.Q., performance I.Q., and full scale I.Q. are statistically insignificant and ought to be attributed to chance factors or sampling variations. Regarding the results in individual cases, the full scale I.Q. dropped in 3 patients in the first post-operative test but recovered in the second and/or third test; one schizophrenic showed a decline that was more pronounced in the second than in the first post-operative test, apparently due to a progress of the basic disease. A marked increase of the total I.Q., e.g. in an obsessive compulsive-neurotic from 85 to 105 in the second post-operative test, may be due to the fact that such a patient becomes better able to concentrate on the task if he is no longer dominated by fears or obsessive thinking. One of the main objections raised against psychosurgery is the pronounced personality change, which has been described by the statement that the patient 'loses his soul'. It would seem that one of the chief advantages of thalamotomy is that a relief of emotional disorders may be obtained, and that most of the long-lasting undesirable personality changes following prefrontal lobotomy such as distractibility, childishness, facetiousness, or a lack of tact or discipline, profanity, outbursts of temper do not appear.
Post-operative convulsions. -The method seems to have the further advantage that only a minimum scarring of the cortex is produced by introducing a thin electrode. This is in contrast to the extensive scars in the cortex and white matter produced by the various types of operations in the frontal lobe which lead to epileptiform convulsions in a rather high percentage of the patients. In our material, Jacksonian convulsions appeared only once, in Case 4, in whom bilateral dorsomedial thalamotomy and hypothalamotomy had been performed. Several months after the last operation, a suppurative infection of the upper lid of the left eye developed. During this latter illness. a right-sided seizure of clonic convulsions appeared. A definite relationship of this suppuration to the operation could not be established.
EEG studies. -The EEG taken at various intervals, from fifteen minutes up to nearly two years, after operation failed to show signs of an increased convulsive reactivity. In many instances, there were no significant post-operative changes of the rhythm. In some cases there developed after extensive lesions of the dorsomedial nuclei or after combination of such lesions with hypothalamotomy slowing, particularly in the "Part of the psychometric and Rorschach studies was carried out by Mrs F. Nasife, Mrs C. Krusen-Scholtz, Miss J. V. Trasoff, and Miss P. C. Walsh. frontal leads, which subsided within a few weeks. This confirms experiments on cats (Spiegel, Bremer) showing that a activity may still appear in the electrocorticogram, if the circuits between the frontal lobe and the thalamus are interrupted.
Professor SPIEGEL, in reply, said that he did not know to what extent they had destroyed the dorsomedial nuclei, but in a number of instances rather extensive lesions were produced; in the animal experiments there was certainly a complete disconnexion of the frontal lobes from the thalamus, and he still observed alpha activity in these preparations, a little slower and more irregular than normally but it seemed that the connexions between the frontal lobe and the thalamus were not necessary for the maintenance of rhythmic cortical activity. It may be of interest to compare the finding of the thalamic seizure discharges in cases of petit mal with Jasper's animal experiments. Jasper found that cortical spike and dome discharges could be produced by stimulation of the region of the internal lamina medullaris. Professor Spiegel did not show all the records in order to save time, but the maximum activity was not necessarily in the region of the lamina medullaris interna but in the more dorsal areas of the thalamus. In other words, the focus of thalamic seizure discharges is not necessarily confined to the internal lamina medullaris, but may cover a larger area. This was supported by some work on petit mal cases in which Dr Wycis and he tried to suppress the petit mal attacks by placing lesions in the region of the commissura media. That reduced or suppressed to a certain extent the petit mal attacks, in one case for a long time, in other cases the petit mal attacks returned, which made him believe that rather extensive lesions had to be produced in order to suppress the petit mal attacks. It was quite possible that the lesion of the dorsomedial nucleus interrupts the system described by Gellhorn, and the transitory slowing of the EEG which had been shown might be in agreement with such an assumption. The fact that this transitory slowing was found not only in the frontal lobes but in the other parts of the cortex suggests that the lesion affected the system on stimulation of which Morison and Dempsey induced recruiting potentials widespread in the cerebral cortex; but he would emphasize that the slowing was only transitory.
With regard to the question of collaterals from the sensory systems, this could not be decided on his material. He could only say that it did not show significant changes in threshold and one would expect to a certain extent to find some threshold changes if collaterals from sensory systems were affected. This question needed electrographic and histological investigation. With regard to cytoarchitectonic changes in the cortex some studies were made by Dr Kuhlenbeck on monkeys in whom the dorsomedial nuclei had been injured in order to see if there were retrograde changes in the cortex, and he was surprised to find that they were rather slight. It seemed that the relationship between the thalamofrontal and frontothalamic fibers was that the former are more important than the latter, at least in monkeys.
VOTE OF THANKS
Sir HENRY DALE (President of the Royal Society of Medicine) expressed thgratitude of all present to the American colleagues who had taken the opportunity of their visit to Europe to give the members of the Society such a rare feast of knowledge and ideas. He had not expected, in fact, to take any part in the meeting, except to take the Chair that morning; but he had found the whole atmosphere of the discussion so intensely stimulating, and it had been for him such a wonderful experience, that he had found himself, to his own surprise, sitting through the whole series of meetings. He was sure that there were many who had had the same feelings; and he hoped that he would be allowed to express their thanks to all those who had taken part, who had read the papers, and had contributed to the discussions, which he was sure would have a lasting effect on experimental work in this field of psychiatry in this country.
The vote of thanks was accorded by applause, and a further vote of thanks was accorded to Dr William Sargant for his work in arranging the meeting.
